Energy retention was compared in Holstein steers fed either alfalfa or orchardgrass silages for 164 d at either 65 or 90 g DM/kg.75 BW daily in a 2 x 2 factorial. Energy retention was estimated by slaughter-balance using an initial kill of eight steers at 216 kg and a final kill of eight steers per treatment at 326 kg. The ADG was not affected (P > .05) by silage, but steers fed alfalfa gained less (P c .001) gut fill (they lost gut fill) and gained more (P c .001) of the following than steers fed orchardgrass: empty body, 23%; fat, 50%; fat-free matter, 18%; protein, 16%; water, 17%; ash, 43%; gross energy, 31%; and carbon, 38%. With retained energy at 1.15 McaVd, retained energy was equally distributed between fat and protein. Increments of daily retained energy greater than 1. 15 Mcal were deposited as 76% to fat and 24% to protein, this distribution was not affected by silage. The energy requirement for maintenance, with BW adjusted to equal gut fil, was not different (P > .OS) at 130 kcal ME/kg.75 BW for steers fed alfalfa vs 125 for steers fed orchardgrass.
summarized several experiments and concluded that legumes and grasses were used with equal efficiency. Armstrong (1982) summarized several experiments and concluded that legumes were used more efficiently than grasses. Margan et al. (1985) calculated that the change in the efficiency of ME use for retained energy as a function of ME concentration was essentially parallel for alfalfa and grasses (Agricultural Research Council, 1980) but it was about 13 percentage units higher for alfalfa. The objective of this experiment was to determine retained energy by slaughter balance in growing cattle fed alfalfa or orchardgrass of similar digestibilities at two equalized DMI.
Experimental Procedure
Silages. Alfalfa (Medicago sativa) and orchardgrass (Dactylis glomerata) were harvested by direct-cutting and ensiling to produce silage of similar digestibility from primary-growth herbage. The herbage was precision-chopped (9.5 mm), treated with formic acid and formaldehyde at the blower and ensiled in tower silos. Alfalfa was harvested on May 11 to 13, 1983, in the bud stage at 20.8% DM and received .142% formic acid and .126% formaldehyde on a fresh weight basis. Orchardgrass was harvested on May 9 to 11, 1983, in the boot stage at 17.8% DM and received .150% formic acid and .130% formaldehyde on a fresh weight basis.
Animals. Fifty-six Holstein males were purchased and raised as non-experimental animals until they were 190 to 265 d old and weighed 184 kg f 34 (SD). During this time, they were castrated, dehorned and dewormed. Steers then were individually fed a similarly treated orchardgrass silage at 85 g DM/kg.75 BW for a 4 5 d preliminary period in a tie-stall barn. This was fed once daily and feed refusals were measured daily. Water was available at all times. Freechoice trace mineral salt was available during a daily exercise period of 1 to 3 h. The preliminary period adapted steers to facilities and individual feeding and provided estimates of feed intake, live weight gain and feed efficiency. It should have reduced differences in gut fill and body composition due to prior diet or intake and reduced differences in the maintenance requirement due to prior level of feeding.
After this preliminary period of 45 d, 56 steers (235 to 310 d, 210 kg f 34) were assigned randomly to one of four experimental protocols. These protocols were gut nutrient disappearance (Glenn et al., 1989) , net nutrient absorption (Huntington et al., 1988) , calorimetry (Varga et al., 1990 ) and slaughter-balance, which is presented here. The steers were ranked by BW into eight replicates of seven steers each. One steer from each replicate was assigned randomly to one of five groups in the present study, which included initial slaughter, low alfalfa (LA), high alfalfa (HA), low orchardgrass (LO) and high orchardgrass (HO) treatments, plus either nutrient disappearance or nutrient absorption and calorimetry. The four treatments were a 2 x 2 factorial of either alfalfa or orchardgrass fed at ualized daily DMI of either 65 or 90 g/ k35 BW in a randomized block design of eight blocks with four steers in each block Intakes were adjusted weekly for new DM and BW data. Each silage was fed twice daily at equal time intervals in equal amounts within a level of intake. Any feed refused was weighed and removed once daily. All steers, including those in the initial slaughter group, were weighed daily for 7 d with no withholding of feed before slaughter or at initiation of experimental feeding. Steers in four blocks with heavier initial BW started on October 4; the other steers started 1 d later.
AU steers were weighed weekly during experimental feeding. At the end of the experimental feeding period, all remaining steers were weighed daily for 7 d before slaughter. All steers were fed for an equal time within a block, which ranged from 154 to 175 d among blocks. One steer on HA was removed from the experiment because of injury.
Slaughter and Sampling. AU steers within each block were slaughtered on the same day with order of slaughter proceeding from the block with heaviest initial BW to lightest initial BW. About 10 h after the last feeding, the four steers within a block were weighed, transported to the abattoir and slaughtered in random order within the next 4 h. All blood was collected, weighed and incorporated at grinding into the noncarcass fraction, which included hide, head, feet, tail and internal organs plus kidneys. The carcass was split down the middle, weighed to the nearest .05 kg, shrouded, chilled at 4°C for 2 or 3 d and reweighed before grinding. Loss of weight during chilling was considered to be water. Tabulated gut contents for each steer were the mean of the final seven BW less the empty BW (EBW). The right carcass half was ground in a 20cm Autid grinder using a plate with holes of 13-mm diameter for five passes. m e noncarcass and incorporated blood were ground similarly on the day of slaughter. Four samples of 950 to 1, OOO g were taken during the final pass. Samples were weighed immediately, stored frozen and freeze-dried for determination of DM. These four samples were p l e d with dry ice and ground in a Wiley mill through a 2-mm screen before analysis.
Chemical Analyses. A l l analyses on animal tissue were run in quadruplicate with ashing done at 6 W C for 16 h, total N by macroKjeldahl (AOAC, 1984) modified to use boric acid in distillation, ether extract by AOAC (1984) modified to use a sample of 5 to 7 g, carbon by combustion (Smith et al., 1965 ) and gross energy by adiabatic calorimetry using polyethylene bags as primers. Other chemical analyses were run on the silage samples in duplicate. Silage DM analysis was done in a 100°C oven on weekly composite samples; all other silage chemical analyses were done on 2-wk composite samples. The NDF, nonsequential ADF, ADL and hot water insoluble N were determined by methods of Goering and Van Soest (1970) ; ammonia N by distillation used magnesium oxide (AOAC, 1984) , and ruminal fluid insoluble N used the method of Waldo and Goering (1979) . Silage was hydrolyzed in .01 N sulfuric acid boiling for 1 h, filtered for total nonstructural carbohydrate (TNC) analysis and extracted in water for 1 h at room temperature and filtered for watersoluble carbohydrates (WSC) analysis. The TNC and WSC were determined using potassium ferricyanide in an automated procedure (Technicon, 1974) . Silage acids were determined using flame ionization gas chromatography with a 6-m x 2-mm column packed with Carbopack B (deactivated for acidic compounds)/4% Carbowax 20M6. Other conditions were: carrier gas, helium at 24 ml/W, injector, 210'C; detector, 210°C; oven, 170'C for 9 min, then increased 3'C/min to 1 W C and held for 9 min and l y l injection.
Energy and Tissue Retention. Data from the initial slaughter group were used in two steps to regress EBW on BW and then regress 5~~t i~ company, Astoria, OR.
'Supelco, Inc., Bellefonte. PA. empty body energy and components on EBW. These same repssion equations were used in two stages to estimate initial EBW from initial BW, initial empty body energy and chemical components from initial EBW in steers fed the experimental treatments before slaughter. Statistical Analysis. Silage composition data were analyzed by ANOVA as a completely random design with silage tested by residual as error. Steer BW and its components were analyzed by ANOVA as individual df contrasts of initial vs postexperimental feeding, alfalfa vs orchardgrass silages, low vs high intakes, silage x intake interaction, blocks and residual, which was used as error. The ADG and its components were analyzed by ANOVA as a factorial with two silages and two levels of feeding, interaction, blocks and residual, which was used as error. All ANOVA and regression analyses were done in SAS (1985a) using PROC GLM with one exception. The regression of retained energy on ME was made assuming equal meamment error in both variables (Fuller, 1987) and using PROC IML (SAS. 1985b) for solutions.
Results and Discussion
Chemical Composition of Silages. At the time of feeding, alfalfa contained about three percentage units more DM on a fresh basis than orchardgrass (Table 1 ). The GE concentration in DM was not different, but alfalfa contained about 25% more (P c .001) N and less hot water (P < .01) and ruminal fluid (P < .001) insoluble N in DM than orchardgrass. Alfalfa contained less insoluble N as a proportion of total N than orchardgrass. Alfalfa contained about 60% as much (P < .001) NDF in DM as orchardgrass; hemicellulose (NDF -ADF') contributed nearly three times as much as cellulose (ADF -ADL) to this NDF difference. The ADL was higher (P < .001) in alfalfa then in orchardgrass. Alfalfa contained less (P < .001) TNC and WSC but more (P c .001) lactic and total acids than orchardgrass.
No differences occurred for other acids; their concentration (% DM) were as follows: propionic, .11; isobutyric, c.01; butyric, .31; isovaleric, <.01 and valeric, .01. The tabulated components with N x 6.25 can account for essentially all the DM for orchardgrass, but the sum of the tabulated components for alfalfa does not account for about 13% of DM, presumably, this is pectins. These diets plus ?SE is appropriate for n = 14.
bN is 26 and SE is appropriate for n = 26 for DM. **P < .01. ***P < m1.
free-choice trace mineral salt should meet nutrient requirements (NRC, 1988) for energy, protein and minerals. The largest relative difference between the silages is a lower NDF, which includes less hemicellulose and cellulose but more lignin in alfalfa than in orchardgrass. The second-largest relative difference is the higher total N but lower insoluble N fraction in alfalfa than in orchardgrass. These compositional data may differ slightly from those of Glenn et al. (1989) or Varga et al. (1990) on the same silages because these data represent continuous sampling rather than discontinuous samples taken within periods of Latin square trials; also, ADL was determined rather than permanganate lignin (Varga et al., 1990) . The silage GE concentrations were greater than normally observed for fresh herbages or hays, but this is consistent with other observations for silages (McDonald, 1981) . Silage energy data were obtained with the same equipment and calibrations used for determination of tissue energy discussed later. Intake. Intakes of DM and GE for steers fed alfalfa were 4% less (P < .00l) than for steers fed orchardgrass, even though the two intakes were close to the re-planned intakes of 65 g and 90 g DMflcgJ5 BW ( Table 2 ). The DE intakes in Table 2 829 and HO, -836 so that ME intakes for steers fed alfalfa were 5% greater (P < .001) than for steers fed orchardgrass. The higher digestibility and metabolizability of alfalfa vs orchardgrass changed the DE and ME intakes so they were not quite equal, as had been intended in the experimental plan.
Components of Body Weight. The mean recovery of components during slaughter was 98.5% of the pre-slaughter weight. The difference was assumed to be GI tract contents. Gut contents (P < .05) and all other components (P < .001) of BW were greater in steers fed experimentally than in those killed initially Pable 3).
The BW of steers fed alfalfa and orchardgrass were similar ( Table 3) . Gut contents for steers fed alfalfa were 28% less (P < .001) than for steers fed orchardgrass, so EBW for steers fed alfalfa was 10% greater (P < .001) than for steers fed orchardgrass. Quantity of fat was 27% greater (P < .MI) in steers fed alfalfa than in steers fed orchardgrass. Fat-free matter The BW and all of its components were greater (P e .001) at high intake than at low intake ( Table 3 ). These differences were expected because the intake difference was a main effect imposed by the treatments. However, the difference in gut contents due to intake was less than the difference due to silage. There were interactions between silage and intake. Increasing intake increased EBW and protein (P < .01) and FFM, water, ash and energy more (P < .05) with alfalfa than with orchardpass diets. The weights of gut tissue and liver are of considerable interest because they have a high oxygen requirement (Huntington et al., 1988 proportional protein (Table 3) . Alfalfa increased (P < .01) proportional fat per unit of EBW of steers more than orchardgrass but it did not affect (P > .05) proportional energy per unit of EBW. Alfalfa decreased (P c .001) proportional gut contents but increased (P < .001) proportional energy per unit of BW in steers more than orchardgrass. High intake increased (P e .01) proportional protein and decreased (P e .OS) proportional ash per unit of FFM relative to low intake but did not affect (P > .05) water. High intake increased (P < .001) proportional fat and energy per unit of EBW relative to low intake. High intake decreased (P < .OS) proportional gut contents but increased (P < .001) proportional energy per unit of BW relative to low intake. There were no significant interactions (P > .05) of silage and intake in these calculated proportions. Significance indicated by asterisks is forage X intake interaction.
bSignificance indicated by asterisks is iaitia~ vs 'SE is appropriate for n = 8. dSignifcance indicated by asterisks is main effect within silage. eSignificance indicated by asterisks is main effect within intake. *P < .os. **P < .01. ***P < .001.
others.
Energy, Nitrogen and Carbon in Protein and Fat of Empty Body Weight. The sum of fat, ash and protein (6.25 x N) was, on average, 99.7% of DM for both the carcass and noncarcass fractions. The mean f SE proportion of N in fat-free OM (protein) was .159 f .0054 in carcass and .159 f .0034 in the noncarcass fraction. These data support the proportion of .16 as suggested by Brouwer (1965) . They also agree very well with data of Brown and Taylor (1986) , who observed the s u m of fat, ash and protein (6.25 x N) to be 98.32% or greater for all tissue groups analyzed except liver. Multiple regression with no intercept on components of BW apportioned energy into 8.988 f .402 Mcal/kg fat and 5.427 f .246 McaVkg protein with R2 = .9989 and n = 39. Multiple regression with no intercept apportioned carbon as 82.73 f 5.95% of fat and 43.33 f 3.64% of protein with R2 = 9 6 9 and n = 39. These calculations do not consider ash and, therefore, imply that no energy or carbon is deposited with ash. These energy concentrations are less than 9.5 Mcal/kg for fat and 5.7 McaVkg for protein from the theoretical calculations of Brouwer (1965) . These carbon concentrations are more than the 76.69% for fat but less than the 52% for protein from the theoretical calculations of Brouwer (1965) . Differences in observed energy and carbon from those suggested by Brouwer (1965) will contribute to differences between calorimetric and slaughter-balance data.
Components @Average Daily Gain. Experimental diets were fed an average of 164 d.
The ADG of steers fed alfalfa and orchardgrass were similar (Table 4) , but calculated daily gain of wet gut contents was negative for steers that were switched from the preliminary diet of orchardgrass to alfalfa, and the mean was less (P < .001) than the mean for orchardgrass. As a result of this large difference in gut contents, empty body gain (EBG) for steers fed alfalfa was 23% greater (P < ADG and gain of all of its components were greater (P .001) for steers fed at high intake than for steers fed at low intake ( Table 4) . There were some interactions between silage and intake. Increasing the intake increased (P e .001) EB, FFM and protein gains more in steers fed alfalfa than in those fed orchardgrass; increasing the intake of alfalfa increased (P < .01) ADG and water gain more than increasing the intake of orchardgrass; and increasing the intake of alfalfa increased (P < .05) ash gain more than increasing the intake of orchardgrass.
Proportional Components of Average Daily
Gain. The relative composition of the ADG was affected by silage and intake ( Brouwer (1965) . These carbon concentrations are more for fat gained but less for protein gained than in the theoretical concentrations from Brouwer (1965) .
Reconciliation of Energy Gain with Average Daily Gain. The relatively constant composition of FF'M in the bovine body has been used by Garrett (1987) to point out biologically unlikely data in the Agricultural Research Council (1980) . Five criteria are needed to interconvert energy gain and ADC: 1) FFM gain of an assumed constant or known composition (protein, water and ash); 2) energy concentration of protein, 3) either a known fat gain or energy concentration in EBG, 4) energy concentration of fat; and 5) gut contents proportion in ADG. Silage and intake affected (P < .001) water and protein gains as grams per day, but only intake affected (P < .01) water as a percentage of FFM because the relative treatment differences were reduced. The incremental mean composition of FFM gain in ADG for experimentally fed steers was 69.0% water gain, 24.6% protein gain and 6.5% ash gain (Table 4) , which has less water but more protein and ash than earlier data (Reid et al., 1955; Garrett, 1987 Oltjen et al. (1986) previously recognized the importance of variable gut contents in the application of fundamental data to production systems. these incremental data for ADG are very important because they are the basis of requirements for any diet. Similar arguments exist for differences in the other incremental proportional data relative to initial and final proportional data.
Utilization of Metabolizable Energy. The relative difference in retained energy (RE) by steers fed alfalfa compared to those fed orchardgrass was greater than the relative difference in ME intake for steers fed alfalfa compared to those fed orchardgrass. The question of a different maintenance requirement or a different efficiency of converting ME above maintenance to retained energy was addressed by regressing RE/kg.75 BW on ME/ kg.75 BW within each silage. The BW for each treatment was first adjusted (ABW) to the experimental mean gut contents because the final amount of gut contents was greatly affected by treatment. Then ABW was regressed on ~~~k g . 7 5
ABW. The slope, or partial efficiency of ME above maintenance used for RE, was .261 for steers fed alfalfa vs .230 for steers fed orchardgrass (Figure 1 ). This slope for steers fed alfalfa, though 13% greater than the slope for steers fed orchardgrass, was not different (P > .05). The ME required for RE = 0, or the requirement for maintenance, was 130 kcal ME/kg.75 ABW for steers fed alfalfa vs 125 for steers fed orchardgrass and not different (P > .OS).
Partial efficiencies from slaughter-balance are lower than partial efficiencies of ME above maintenance used for RE from calorimetry, in which alfalfa was .461 and orchardgrass was .356, or alfalfa was 29% greater than orchardgrass (Varga et d., 1990) . The equation of Margan et al. (1985) and the metabolizability data of Varga et al. (1990) for alfalfa predict an efficiency of .584. The equation of ARC (1980) and the metabolizability data of Varga et al. (1990) for orchardgrass predict an efficiency of .388. The lower observed energy concentrations than those assumed by Brouwer (1965) contribute to the lower observed efficiency by slaughter-balance than by calorimetry. Similarly, the maintenance requirements from slaughter-balance are lower than those from calorimetry, in which alfalfa was 134 and orchardgrass was 131, and these were not different (Varga et al., 1990) . These statistic a y non-significant slaughter-balance data support the calorimetric data of Varga et al. (1990) and the concept that ME of legumes is converted to RE more efficiently than ME of grasses is converted to RE. They are consistent with the results comparing other grasses and legumes (Joyce and Newth, 1967 (Tyrrell et al., 1974) was investigated Figure 2 where energy is retained equally in protein and fat. These relationships imply that the difference in relative distribution of RE in this group of steers is largely a function of the daily RE and quite independent of the silage. Similar calculations on the data of Thomas et al. (1988) using British Friesian steers give similar slopes of .79 for fat and .21 for protein, but they have a very different point of intersection. Possible Causes of the Difference in Energetic Eficiency. A potential shortage of absorbed amino acids in steers fed orchardgrass might be indicated More non-ammonia N reached the small intestine in steers fed alfalfa than in steers fed orchardgrass (Glenn et al., 1989) , but net absorption of amino acids and alpha amino N was similar for both silages (Huntington et al., 1988) . Figure 2 further dismisses the possibility that a shortage of dietary N, as suggested by Armstrong (1982), has a major influence on differences in energetic efficiency. The lower N of the orchardgrass does not result in a deficiency of protein at the tissue level because this would normally decrease protein deposition (Black and Griffiths, 1975) as observed in comparisons of untreated orchardgrass (Waldo and Tyrrell, 1980) and alfalfa (Waldo and Tyrrell, 1983) silages to silages treated with fonnaldehyde and formic acid. The higher and potentially greater excess of N from alfalfa was not sufficient to decrease its energetic efficiency to less than that of orchardgrass. The possibility of extra amino acids from alfalfa being available as gluconeogenic precursors that might increase efficiency, as suggested by Armstrong (1982), remains. Another possible cause may be the greater proportion of acetic acid produced in the rumen of steers fed orchardgrass than of steers fed alfalfa. Acetate contributed a greater proportion of ~minal fluid VFA in steers fed orchardgrass than in steers fed alfalfa (Glenn et al., 1989) . A slightly greater proportion of VFA absorbed into the blood was acetate, and portaldrained viscera had a slightIy greater oxygen consumption in steers fed orchardgrass than in steers fed alfalfa (Huntington et al.. 1988) . Incremental absorption of energy as acetate was 10% greater and incremental oxygen consumption by portaldrained viscera was 10% less for alfalfa than for orchardgrass. Data in Table 3 document the greater load of gut contents in steers fed orchardgrass than in steers fed alfalfa. All four observations of species differences are consistent with the concept of Webster (1980) that a greater proportion of acetic acid and a greater load of gut contents combine to increase oxygen consumption by the viscera and reduce ME available for RE. P. J. Reynolds (personal communication) removed heat of fermentation and incremental oxygen consumption from conventional ME according to the concepts of Webster (1980) and calculated that adjusted partial efficiencies for alfalfa and orchardgrass were similar. Furthermore, these calculated partial efficiencies are similar to observed efficiencies of intragastrically infused acids with variable percentages of acetate (0rskov et al., 1979) . Such calculations are consistent with the net energy system used in France (Vermorel, 1978) . which uses a negative coefficient times crude fiber in the calculation of ME from DE.
Our results are consistent with those of Beever et al. (1988) , who concluded that reduced dietary fiber concentration is a very important factor increasing partial energetic efficiency as concentrate supplementation is used. Van Soest (1965) found that legumes had a smaller fraction of NDF than grasses.
Consideration of Fiber
Components M e e ting Partial Energetic Eficiency. Some examination of the higher fiber content of orchardgrass than of alfalfa should be made as a predictor of reduced efficiency. This is attempted by using a fiber reduction factor in the same way the crude fiber reduction factor is used in Kellner's starch equivalent system (Nehring, 1972) . The uncorrected starch equivalent value is 67.6 for alfalfa and 64.1 for orchardgrass. Use of the .58 reduction factor times the concentration of ADF gives a corrected starch equivalent value of 49.6 for alfalfa and 42.6 for orchardgrass, which implies an advantage of 16% for alfalfa, close to the 13% from slaughter-balance. Use of the .58 reduction factor times the concentration of hemicellulose gives a corrected starch equivalent value of 64.0 for alfalfa and 49.7 for orchardgrass, which implies a 29% advantage for alfalfa, identical to the 29% from calorime try (Varga et al., 1990) . Such calculations on the composition of two silages leave no df for selecting the most predictive fiber fraction, but should encourage more data collection for potential calculation of energetic efficiency from dietary fiber components. These slaughter-balance data implicate the difference in fiber fractions more than differences in N fractions as a potential cause of the difference in energetic efficiency.
Several points need verification or elaboration before we will be able to predict partial energetic efficiency for growth for all diets. If published data on gut oxygen consumption are repeatable, then the exact mechanistic cause of this additional energy cost must be described. If the theory of Webster (1980) holds, the relative importance of digested fiber for the production of acetic acid vs the relative importance of undigested fiber for increasing gut fill needs to be described. If the primary cause of reduced efficiency occurs in the gut, why is the decline in NE1 (NRC, 1988) not as great as the decline in (NRC, 1984) when the metabolizability of the diet decreases? Ultimately, predictive equations should use continuous variables such as fiber fractions for describing energetic efficiency of diets rather than discrete feed classes, as currently used by the Agricultural Research Council (1980).
lrnpllcatlons
The lower neutral detergent fiber concentrations in alfalfa than in orchardgrass silages with similar digestibilities cause differences in the energy retention per unit of metabolizable energy consumed. The metabolizable energy required for maintenance of steers is very similar for both silages. Each unit of metablizable energy available for gain from alfalfa produced 13% more proportional energy retention than that same energy from orchardgrass. Incremental protein and fat deposition was independent of silage and increased with increasing daily retained energy as 24% to protein and 76% to fat. Energy retention is dependent on silage and decreases with increasing dietary fiber and gut f i l l . 
